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ABSTRACT 

From a base in military models, computer simulation 
has evolved to provide a wide variety of applications in social 
science. General purpose simulation packages and languages such as 
FIRM, DYNAMO, and others have made significant contributions toward 
policy discussion in the social sciences and have well-documented 
efficacy in instructional settings compared to traditional settings. 
With the microcomputer revolution has come a revival of computer 
simulation, first in pre-collegiate education, then in a variety of 
other areas including urban policy, social processes, and research 
methodology. In spite of the significant body of research and 
software in social science it is striking that (1) this research and 
teaching tradition exists almost entirely outside the "mainstream" of 
social science journals and textbooks, and (2) the impact of computer 
simulation has had a relatively greater impact on teaching than 
research. These findings reflect the state of the social sciences. 
Attempts at simulation in research-poor environments inevitably lead 
to models characterized by low reliability, oversimplification, and 
neglect of causal factors. These three obstacles are the reason why 
computer simulation has remained a specialized area within social 
science and is removed from the mainstream practice of social 
scientists. It is concluded that computer simulation in social 
science, though a positive way of accumulating knowledge, is apt to 
remain the step-child it has always been. Over 90 related references 
conclude the publication. (LH) 
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COMPUTER SINULATION I SOCIAL SCIEACE 


Coamvuter simulation is the step-ciild of tae vehavioral 
revolution that suept social science after world ilar Il. It is 
recognized as veing part of the fawily of tools used by social 
scientists out it is largely hidden well out of the way. It is 
entirely possivle, indeea counonplace, to complete a social 
science iwetnodology sequence or even a doctoral degree without a 
serious encounter with couwputar simulation. 

Coaputer simulation is a tovic widely acknowledjed to be of 
jwportanée to social science yet one adout waicn it is difficult 
to sain inforwation. It is largely onittea fro. social science 
textvooks ana iost of its literature is not puolished in social 
science Journals. It is the purpose of this essay to prin; 
togetner sowe of this literature to provice an overview of 
conpucer simulation in social sciencs, its history, its use in 
teacniny and researci, and its potential for playing a sore 
significant wetnodological role in the future. 

social science computer sisiulation is not a new tosic. Tuo 
vecades ayo Joann Hartiaan coupilea a oiodlioyraphy of 74 references 
on social science simulation (1). There nave been numerous 
cowputer-oased instructional materials (2), including siiaulations 
(3), widely availaple since the 1l3oU's, long oefore the recent 
wicrocowputer-oased revival of interest ia siiiulation. For those 
dillinyg tO search, even textooox coveraye was availadl2. varola 


auetzko0u's siwulation in the Social Sciences: seadings appeared 


in 1302 (4) while william Coplin's Simulation in tne study of 


Politics, presenting a dozen Cotputer-related sitiulations, 
appeared in l¥vs (9). Kand Corporation stuuies of simulation also 
have veen availaole since at least lyod (9). kicnarg sonzalez and 
Claude ucCuillan's wetaocology text, swacning Loipitation: an 
algorithaic Approach, treated social science couwputer sinulation 
fifteen years ayo (/). Likewise, a text dy wicnael Inoar ana 
Clarice Stoll presented 1% case studies of social science 
siitulation in ls72 (uo). 

uot only is Couputer siwulation in social science not a new 
topic, out in sove ways it is a topic wiich peaked a over a 
Gecade2 ayo during a veriod of funding agency support. soe 
sistulations were syonsoreu by the uffice of Education under its 
REACT (Relevant educational Applications of Computer Tecnnoloyy) 
proygrada (9) and others tarough the National Science Foundation's 
CauSe anu LuUCI prograas (13), as well as tarouyn private agencies 
such as the EXAdw roundation (11). 

Yet in spite of exanuples of interest in the orvader 
iaplications of co.iputing for social experimentation (l2) it is 
to wilitary-sponsorea efforts that one iiust turn to fine tae 
early popularization of social science cowputer siwaulation. For 
years the kand Corporation, adt Associates, tne Raytneon Coupany, 
Simuliatics Corporation, Consolidated Analysis Centers, the 
veneral kesearch Corporation, the aAriiy siar College, tne Studies 
Analysis and Gaiiny Agency, the Jational wilitary Cowuand Systen 
support venter and otaer governwental and govern uent-contract 
organizations producau voluminous waterials r2laz2u to the use of 


Co.u.puter si.tulation in nacional defense anc foreign solicy 


applications. 


The Rise of Computer Simulation in National Defense and Foreign 
Policy Analysis : 

In the lyol - lyov period the Kay theon Corporation developed 
tne TenPER (Technoloyical, Economic, wilitary and Political 
Evaluation koutine) wouel for the Joint dar Gaies Ayency of the 
Venartient of Vefense (13). This was a iiodel for the analysis of 
international relations in the context of tne ‘Cola War', 
assuuing a three-bloc (East, west, Taira orld) international 
relations structure as percaived circa lyov. dsing a 1l/ nation 
data vase, TErPcR allowed simulation of the vehavior of up to 33 
nation-yroups ata tine. Jdritten in FURTAU for a Cul lovstis 
cowputer, TEMPEK incorporateu a wide variety of social, 
aconouic, political ang cultural variaoles drawn frow a 1950 data 
pase (14). 

TenPen was liwited by its Gapendency on iainfrawe couwputing, 
wut tne auvent of tiwe-saaring on wainfrane couputers was then 
waxing oossivle interactive sisulations cr ‘ianenachine aodels'. 
Tine-sharing weant that couwnuter simulation could be far sore 
widely and etficiently us2ad as a tool for international relations 
instruction and experimental exploration. 

TémPER was a generalized international relations si.iulation 
vut nuierous more soecific siodels were explored in the lyod-1970 
period. Tnese includea Adt associates’ AKPe URY-CUIN uroan 
counter-insuryency ygaae unger Project Aulle, exploring the 
Feasioility of a computer wodel of guerrilla warfare (15) 3 Kand 


vurporation's wodel of boruer cantrol, infiltration, and 


insurgency 116); and General Research Corporation's iiInTSIu 
sisulation of tactical nuclear war and conventional wnilitary 
Operations in tae context of nuclear tnreat (1/). 

also funded witn wilitary (aRPA) woney, darold Guetzkow at 
worthwestern created tne later-iiation Simulation (1.5) in tae 
lyod's. ITuaS evolved into a "“an-macnine todel" in which a 
CO.iputer was used as a wessaye center/randonizer/unpire for a 
student role-playing gaine on international relations (13). It had 
yroun out of tae tracition of “all-parson" role-playing yaaes 
TAAL Nad becowe prowinent ia iaternational relations anc other 
areas (19). Instructors utilizeu these gawes to conduct siall 
yroup cecision-wakin; experiments in a siwulateu international 
setting trying to uetariine, for exauale2, venavior under nucl2ar 
threat. 

also at itortawestera, Zaul Swoxear, working on a suocontract 
witn Harole Guetzkow wuevelopeu tne International Processes 
dsisulation (17S) as a iwore couwplex, second-jeneration varsion of 
IiS, further aeveloping a type of wan-wachine wodelliny that at 
that tive was coO.jing to ve sean as One of tue siain approacnes to 
international relations as also, for exawole in william Coplin's 
toria Politics Simulation (uPS) (20). Uthers carried the concept 
even further, as in SIPER, an “all-cowputer" version of IwS and 
one of tne first glooal computer wodels. (21) 

Coaputer-bdased international relations siinulations were 
srought into the classroon as well in the early Iy/uU's. For 
exaitole, Consolidated analysis Centers, Inc., in 1971 developed a 


curriculus for tre csational war college wriliziny aa 


international relations database, statistical analyses, and 


sititulation (22). The following year Kenneth S. Heitzke and vaniel 
a. U'UOnohue introduced wilitary Couputer gating experiwentally 
in tne curricului of tne Aruay iar College (23). 

In la7é2 a survey dy the kana Corporation showed soue lsd 
Sisulations, wodels, and gawes in use througnout the Veoartuent 
of vefense(é4). However, interest in siswulation ana yasing 
peaked around tnis tise, aloeit at a rather high level. A 1975 
catalog snowed 152 situlations and models in use in the 
Vepart.went of Defense, including only two politico-ailitary 
siiiulations (¢5), waile the sae catalog in 1977 listed only 13% 
(23). 4A ly7¥ Kand stucy stated that the Venartient of Defense was 
allocating 330-340 wiliion to war aodelling, staulation, and 
yaiding (2/7). 

The aaveloonent of wailitary and foreign policy simulations 
nad Deen suoject to significant criticisias. As early as 1900, ii. 
J. weaker and G. i. Snure of the System veveloanent Corporation 
nad attridutea the failure to aake significant research gains 
tnrousyn simulation stuai2s to the highly aostract and sterilized 
nature of the social science which uncerpinned such wodels (23). 

AS late as 1lJ/5, even a cowplex project on long-range 
environwental forecastiny of European environaents, undertaken by 
CACI Inc. for tne Advanced Research Projects Agency, utilized a 
relatively siaple model with a dozen equations, least-squares 
estimation, and stochastic process forecasting (29). After over 
a decade of wilitary siiulations, the models in use often lacked 
predictive credibility. 


From the wide-ly70's military and foreign policy siwulations 


entered a phase in which less emphasis was placed on the research 
utility of simulation in a scientific sense and more on its 
utility in policy discussions. As the final technical report on 
the above-cited CACI Inc. study noted, forecasting models came to 
be seen as aids to generating meaningful, interesting, 
alternative futures for discussion in comparison with the 
‘Strategic implications of contrasting developments (30). On this 
basis CACI Inc. produced a later report emphasizing politico- 
military scenario generation for use in a broader policy-making 
context (31). 

This recasting of the purposes of simulation from a 
determinative to a processual role was much in keeping with other 
critiques of simulation in social science, notably Hayward R. 
Alker Jr.'s scathing 1974 article, "Computer Simulations: 
Inelegant Mathematics and Worse Social Science?" In this article 
Alker had called for complementing simulation approaches with 
developmental, philosophical, and mathematical approaches to 
minimize the abuses of simplistic simulation research (32). 
Likewise, in 1979 two Rand authors critiqued military simulations 
and gaming, calling for greater professionalism and improved 
sensitivity and utility analysis (33). 

These critiques are reflected in the best known recent Rand 
simulation for the military, the Rand Strategy Assessment Center 
(RSAC) automated wargaming program, a computer simulation with 
rule-based artificial intelligence features (34). Not intended to 
serve as a direct guide to military policy akin to intelligence 


information, RSAC is meant to provide a simulated event 


environiient whicn can serve as a basis for discussion and 


assessiwent of policy makers' decisions in a developuental 
process. 

Uf course, ASAU in aiany ways reflects a series of earlier 
efiorts in wilitary and foreign policy simulation, particularly 
those oriented toward curriculua applications. Sucn earlier 
efforts nad incluced, for exauple, the jJorld Politics Simulation 
of the Inaustrial Colleye of tie Ariued Forces (35), intended to 
convey an appreciation of the proovleiis faceu by national leaders. 

At tne Saduwe time, However, classified researci at the 
Vepart.ient of Uefanse continued to press aneaa wits coiiputer 
siaulations. The Joint Chiefs of Staff hava recently connissioned 
a willion-aollar world simulation, for exauple, and tne soviet 
Union is Known to employ sucn planning models as well (3v0). In’ 
spite of the continuance of such wjodels, nowever, there was a 
a tenuency toward ewphasis on specifically defens2 sisiulations 
rather tnan tae oroader sociopolitical ones. Tnis continuing 
tragition is inaccessiole to sucial scientists lackiny security 
clearance and has thus been widely ignored within the acageuic 
comauaity (37). 

In general, tie wilitary-sponsored studies led those 
involved to function somewnat as an elite interest group largely 
talking awong thewaselves and tiis heavily funded area of social 
science couwJwputing eventually ceased to de seen as a very 
significant aporoach to international relations. .iany of tie 
unclassified simulations whicn were developed vaave languisined, 
r2latively unused or unavailable. Un tne otner nand, tue orta 


Awerican Sidulation ana wvaaiing association, puoslisners of 


diuulation and Gaaes, has helped keep alive tne simulation 
tradition and are now beginning to iove into cotputerized 
Sisulations. «a Nuutoer of Others, such as Paul Sworer, are still 
currently involved ia cevaloning new world sistulation vrojects. 
iso) 

It should de ewiphasized that wilitary contracts were not 
tne sole venicle for co.wputer simulation in international 


" 


affairs. In fact, Uliver Benson's "Siiuple Vinlowatic Gawe" was an 
explicit forerunner of Tew?EK, Kaytneon's early ailitary 
siwulation (33). vther acauewic effurts paralleleu wany of the 
wilitary-sponsorea Gavelopwents. ACadenics such as the tea. under 
Caarles iicClellanu at tage sSt-LA Scnool of International 
welations o@yan using ti.ie series analysis to siwulate evant 
flows in international relations in the early 197u's (4v). 

Utner acadewic sittulations, sucn as the world-fanous 
Simulation (the "Club of Kowe wsodel") oy day Forrester, 
Genicting worla crisis througn ceclininy resources (41), also 
vrougnt sisulation tecnoniques into tee classroon as well as 
research. Jorle wodelling si.tulations such as Forrester's, in 
fact, voecane tne center of acadenic action in international 
relations cowputing, eclipsing the earlier wan-.acnine tiodels and 
wilitary-related games discussed adove. (42) In addition, certain 
specialized topics such as the wodelling of aris races, also 
continue as lively sisulation arenas. (43) iionetneless, as Phil 
Schroat recently said of 1300-1934 computer siiulations in 
international atfairs, “we've now haa about 25 years of research 


inthis field. jnat nava wa gotten out of it? -- nota ahole neck 


10 


of a lot in my estination." (44) 

Jonathon wilkenfelu's recent article on "Coaputer Assisted 
International Studies" puilds on tne acade.wic tradition of 
counuterizeu si:siulation (45). Interestingly, wilkenfelg 
epnasizes tia instructional value of international ralations 
COliputer siiulations as an aid to Student deovate of econonic ana 
social issues - an e.ipnasis not very differen. froa the shift in 
military siwulations towara a focus on the COinputer-yenerated 


scenario as a policy discussion aid. 


Educational Uses of Co:uputer Siaulation in Social Science 
Couputer sisiulation nas nad a wider iwpact in social science 
instruction than in researca. Siwulations by nature are 
sisiglifications of reality, often witn exaygerated CauSe-etfect 
linkayjes. Yet these very features can be effective in a teaching 
context. woreover, tne interactive nature of learning througn 
siwulation forces tne stucent’into a wore active role tnan do 
lectures or reauinygs. It lends itself to reiterative analysis 
processes wituout unuuly slowing the stuuent cown to a snail's 
pace as do wanual calculation (or even vatch wsainframe) methods. 
In ly/o Fred S. Cuowos ang Jonn G@ Peters testeu and 
confirued the hypotnesis that co.iputer-based American government 
gales would enadle political science students to achieve ata 
niyner level while evaluating the games at least as favoraply as 
traditional teacning wetnoas (45). Likewise, nark i. waiar and 
Tnowas Venanzi, experisenting with a "Scienca ana Society" course 
tnrough siwulations on topics lixa nuclear stratejy, nuclear 


power and radiation, tne I, deovate, and sociovioloyy, confirwued 
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that learning inproved when students take an active rather than 
passive role (4/). 

In spite of tiiis evidence frow tne university level, apart 
frou wilitary and international affairs si.wulations, pre- 
colleyiate teacnin, oraovides tae greatest level of sucial scieacea 
couputer simulation activity. There are a nuwoer of reasons for 
this. evan tne wiost simplified simulations nave teaching value at 
sone level, evenif it is the elewentary grades. Pre-colleyiate 
teacners are wore accusto.ieu to usiny teaciing aids which go 
peyond tne dOOK-anu-lecture forinat so deloved vy university 
groressors. Tne buayet for wicrocodputers ane accovjpanyin; 
software, factors which have had enorwous potential for 
increasing student and teacner access to computer si.wulation, are 
frequently greater in high schools ana even eleuwentary schools 
than they are in colleje-level social science cepartaents, ironic 
as that siay seen. 

ddatevar tne reason for the yreater curraancy of co.lputer 
Sisiulation at pre-colleyiate levels, social science simulations 
like “Uregon Trail" nave peen foune tu be excellent taols for 
teacaing ana reinforcing interpersonal skills (44). Though a feu 
siaulations such as "Cnanye agent" (49), “arket", "clect" and 
USPop" (59) way be found from the late 1950's and early 1970's, 
this is really a posteaicrocoaputer phenowenon, wnich is to say 
post-1979. 

Some of tne earliest pre-collegiate social science 
siuulations for wicrocowouters were “iiawnuravi", a resource- 
allocation gaue in which the stusent plays an ancient ruler, ana 


westwarG 1347", a gaue in wanich tne player must leau a wagon 


lu 
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train to the West Coast (51). The Hinnesota Educational Cowputing 
Consortium (wECC) quickly becaiwe a leader in pre-colleyiate 
microcouputing, includiny soae social science si.iulations such as 
"Uregon Trail", agapting earlier gaties and creatinj new ones 
(52). a few commercial firs such as Softside ("siner”, 
"Convoy") (53), Instant Software ("Santa Paravia" 
"Fiuaaccio") (54), Strategic Simulations ("Presiaent elect")(55), 
and bicGraw-Hill ("Geography Search")(Sv) also began to enter the 
precollegiate warket witi simulations, often with arcade 
qualities. 

Interestingly, one of tne early entries derived frow the 
wilitary siisulations discussed earlier. Tne “War-ana-u-lialf 
Loyistics Wane" froma avt iicrocoputer Software allowed tne 
player to maintain the world balance of power among ten nations 
through judicious allocation of supplies and resources. Its 
reviewer found in it little of educational value (57). however, 
otners suca as one dealing with the anatony of revolution were 
received favoraoly in the pre-collegiate iarket (5x). 

In spite of these early siiulations ang ganes, social 
studies still trails otner areas in computer utilization and 
there is a yrowing perception of tn2 need to yo beyond very 
simplified canned simulations (99). Une successful effort has 
veen the linkage of 14 iichigan high schools to a more 
sophisticated political science sisulation at the University of 
uwicniyzan (60). Thouga this project involveu telecowmunications 
linkage to a university covwputer, tae real need is for. 


Wwicrocosiputer instructional waterials whicn raflect "good social 
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General Siwulation Packages and Languages for Social Science 

University-dased general cowputer sisiulations for social 
science nave oeen widely availasle for over a dacade. Tiueir 
effectiveness conpared to traditional alternatives has veen 
Systewatically docunented. tonetneless, these instructional 
simulation packages remain underutilized in social science 
curricula. 

STuiSCwIPT was awony tne first important siawulation lanyuages 
ang is still utilized extensively in wilitary ana industrial 
applications such as Cacl Inc.'s TAC TiUwOER simulation of wATU 
air defense.(o1) In social science, however, SIuSCKRIPT has veen 
little used coimparea to otner languayes ang packages. 

PRINCE, Gaveloped vy bill Copeland at Syracuse University, 
for exawple, was systematically evaluated at six colleges in 
1575. Use of PRICE, a an-wachine aodel with updataole scenarios 
and data sets, was found to iwdprove students’ abilities to 
define political issues anu to do So wore concis2ly, and to be 
avle to wake more specific sugyestions as to rAow to deal witn 
wore actors in seeking solutions to a political proolem (v2). 

EaPER-Slit (Experinental Sisulation) is a general-purpose 
simulator for experiients in social sciences or other disciplines 
(93). Roy & liiller and David A. Bositis randouly assigned 
students to two sections of a course, ooth studying the same 
analytic proolesis but one using EAPER|SI.4. and the other tne wore 
tracgitional S2TuPS. (SeTUPS are Supplementary E.inirical Teaching 
Jnits in Political Science, sponsored oy tne Aanerican Political 
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science association, containing printed iwaterials on tie prodleu, 


Sauple data sets, and exercises to be coipleted using a 
statistical packaye sucn as SPSS). Coisnarison of pre- and post- 
test scores in ovoth groups showed EXPen-SIii students isade greater 
gains in suastantive learning, in analytic reasoning, and in 
couputer-relateu learning than did the ScTUPS students (v4). 

In the sae perioc, aliwost a aecade ayo, wueorye Conklin of 
wortn Carolina Central University, Jwoaified EXPEK-SI.1 to serve 
functions similar to PROUFIS, a set of introductory socioloyy 
siuulations ne developed between 1972 and 19d2. VLonklin's 
Classroo.a testing sauveu tiut cowputer simulation coulu we use2u 
successfully to eninance tne teacniny of. analytic teciniques 
Jitnout detracting, frow a crovdad curriculua (05). 

CAPERSSTing Sponsorea by Exxon Foundation, grew out of iWESS 
(the wichigaa Experisent Simulation Systeuw, a wainfraae batch 
version) and LESS (tne Louisville cxperiment Siaulation Systen, 
an interactive version). Flaw (Florida Interactive .iodeler), 
cistriouted vy CUus.\sUlt, was an caPEK-Sliu system rewritten for vEC 
and Apple Computers and enhanced vy psychologists at tne 
university of Florida as a sitall cowouter version of the earlier 
waintraae simulators. Flkui cowes with experiuental si.iulations on 
cognitive aissonance, frustration-aggression, conforwity, delayed 
opinion change, and other topics, dut can ve utilized to 
illustrate alnost any aata-validated theory in tne social 
sciences (vv). 

HICRUS0YdAHU, a wainfrase simulation languaye translatea to 
tne microcouduter and Gcistriouted with an excellent text oy 


aadison-vesley, proviags a Somawnat wore difficult out »owerful 
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venicle for wultivariate siaulation of many social phenouwena 
(57). It is supplied with eight siwulations, including Jay 
Forrester's "Cluo of Rowe" wodel of worla resource crisis, an 
ecoluyy Simulation, a neroin acdiction siuulation, and an urodan 
yrowtn siwulation. 

_Otner nore specialized simulation lanyuayes are available 
for wicrocosputers also, thougn little used in social science. 
G?SS (General Purpose Siiulation Systeu), for exawole, allows the 
instructor to simulate any phenowenon characterized vy queueing 
and service allocation prosleuws (asc., Tees ltay, stoedent 
registration aay procedures, social service delivery plans, 
police patrol locations) (04) 

Tne FIka siaulation sontexea (pased in reyression-type 
moaelling), UYnanu (dased on closed systeuws of equations 
wodelling depenuent variaoles over tiwe), and GPSS (dasea on 
prooavility theory ana yueuiny provleus) all focused on 
mataewatical siaulatioas with a winimun of text. Kecently, 
nowever, a new Siwulation language, ESL (event simulation 
language), ceveloged voy Pnilip Scnroat of northwestern 
University, has deen developed to provide text scenarios waich 
oranca upon user response to decision points. This text-vased 
event simulation language still incorporates event stacks, 
stochastic processes, quantitative trigger points, anu other 
aspects of mathenatical wouelling, Dut in a foriat designed wore 
for instructional <nan predictive us2 on topics such as foreign 


policy simulation. (03) 
Special Purpcese Siwulations for Social Science 
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It is not accurate to treat social science siuulations as 
spin-offs frou wilitary-funded efforts. Ithiel Ge Sola Pool, 
later to vecone involved witn military sisulation, had wide 
juapnact in social science tnroujn his voting siisulation efforts oa 
Denalf of Jonn F. nenneay in the laov elections (70). Since tnen 
both political scientists and wedia organizations have pursued 
the simulation of voting pdehavior (/1). uUtaer early thouyh 
largely isolated examples of social science siiulations can be 
cited, such as Jerner Grunoau.'s use of ionte Carlo tecnniqgues in 
siuulating guaicial decision-waxin, (72). 

wonetheless, it is still trua tiiat tne possivilities opened 
vy wilitary/international affairs: stwulations bed to baa 
exploration of apelicattons to other areas, adonyg the first of 
whicn were those dealing witn urban prodless (73). back in 1365 a 
Kesearcn Analysis Corporation paper vy Lester & Hawkins, Ur, 
discussed existing urban-develoowvent and conmsunity-renewal 
planning simulations and the extension of yawing to’ nonwilitary 
environwents (74), In the ly¥od-1973 period the sand Corporation, 
a wajor wilitary contractor, undertook extensive projects with 
tne City of wew York, sowe involving extensive urvan policy 
simulations (/5). As with the wilitary siiulations, sana's urban 
siisulations proved controversial and provleiatic. 

Educational uroan simulations fared consideradly setter. The 
CITY III siaulation froaw Envirowetrics, for exaaple, allowed 3u - 


2uU college-level stucents to "run" five cities anu wake 
econouic, political, and social decisions (73). In tne wid- 


seventies the WeETKUeaPEX comvuter-assisted siwulation siwilarly 
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allowed political science students to itake political, planning, 


industrial, environuental, and econo.iic decisions over a five- 
week perioa (77). 

Uroan policy issues are a particular case of a oroad ranye 
of wanagerial simulations of co.plex groups or oryanizations, 
some of which are of interest to social scientists (73). For 
example, UNESCO's Educational Simulation iodel (ESii), developed 
in tae early 1970's, wodeled educational demand and educational 
syste fluctuations and was used in several countries (73). 
dithin a cecade such educational siuulations nad veen 
incorporateu in wanageuent training siuulations for euucational 
adwinistrators (su). To take another exaaple, tne dritish Liorary 
Nas develoced a systaits aynawics sinulation wodeling activities 
of social science disciplines as inforwation systeas (01). 
dhether in school, liorary, or other oryanizational settings, 
such simulation efforts have vroaa iiialications for social 
science. | 

Special purpose siwaulations nave deen vgevelosac in a larye 
nuiwver Of other areas pertinent to social science. Gane theory 
and sisiulation of various aspects of political ana other types of 
varyaininy are an exauple (02), as are siwulations of various 
statistical and wiethodological techniques and processes (v3), 
sisiulation of puolic opinion forwation (34), simulation of social 
aiffusion processes such as neighborhood sagregation (09), wodels 
uf the economy (35), wanagerial aoaels (3/7), leyislative voting 
(od), policy aaking/resource allocation siwulations (J9), 
asycnoloyical (94), sociological (yl), and other sisnulation 


tooics. 
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Artificial Intelligence 

Artificial intelligence (Al) software is the latest 
develoawent in social science simulation. urowing out of the 
systaus sodelling tradition, al nas already Decowe a osroad tera 
dita wany uiffuse weanings. It is usec to refer to expert systeuis 
(92), for exasiale, typically branching rule-application decision 
software vounined with a senantic processor for interfacing in 
conversational Enylisn. un tiie otner hand, al can v2 used as an 
alyorithi-yenerating as well as algorithwueapplyiny approach. 
Lixadisd, aS Pall scaract’s. recent work suysests, al can tavalve 
pattern recoynition in event series - siwulatiny a decision- 
wadding process in wnhica the dacision-aaker Coapares current evant 
sequences with past ones ana their associated consequences, uses 
tne past as a tenslate for current actions, the adjusts the event 
datavase for current consequences (93). Tnis “adaptive 
pracedent-vaseda loyic" axeuplifies al as a continually evolving 


crooslawesolving systew, aot an egudtion-vasea daterninistic 


naael. 


Conclusion 

Frown a oase in wilitary-sponsorea itodels, cowputer 
Sisiulation has evolved to provide a wide variety of applications 
in social science. weneral-purpose simulation packages and 
languages such as FIR, uvYuANU, and others nave mauve significant 
contrioutions toward policy discussion in tne social sciences anu 
have well-docuaentea efficacy in instructional settings co.waared 
to traditional ietnods. with the wicrocoiiputer revolution has 


coue a revival of couwautar siaulation, first in pre-colleyiate 
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education put now in a variety of other areas includiny urban 


policy, social processes, and research .tethodoloyy. 

In spite of tne siynificant vouy of researcn and software in 
social/science simulation, however, woat is .tore strikiag frou a 
disciplinary point of view is tnat tnis research and teaching 
tradition exists aluwuost entirely outside the “iiainstrean" 
journals and textodooks that epitowize the social science 
uisciplines. 

Tue second strixing fact that tne forejoinj overview of 
social] science Couwputer siwulation proviues is tie relatively 
jreater jiiipact of such todels on teacning Coupared to researcn.s 
vitnout belittling the siynificant general and anplied research 
applications of siwulation, the nistory of Wilitary-Sponsored as 
well as acauewic simulations shows a tendency toward dee.ipnasis 
on such vurposes as forecasting and predictive analysis and 
increased evjpnasis on the uses of Simulation as a venicle for 
yeneratiny scenarios, ennanciny policy aiscussions, aeveloning 
decision-wWaxiny skills of policy makers, ana for other 
- essentially euucational functions. 

Tnese findinys reflect the state of the social sciences. 
‘ dausabay simulation requires a level of causal specification rare 
fa Jost social science research arenas. Attewpts at simulation in 
research-poor environiients inevitadly lead to waodels 
Characterized dy low reliavility, oversimplification, anc neglect 
of causal factors not tapped oy current weasurawent systeus. 
Uversiupnlirication, inappropriate specification, ang 


inaccuracy of weasureiwient are tne rule, not tae exception in 
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social science sisulation. In fact, there is probably no social 


science simulation which cannot de sudjected to suvstantial 
criticis: on one or wore of tnese grounds. Tuese three obstacles 
are the reason why couwouter siiwulation tas reiuained a 
specialization witnin social science whicn is rewoved frow the 
wainstreaa of what social scientists uo. Since couwputer 
Simulation also requires prograuusing skills, scarce amony social 
scientists, it is nardly surprising that this has not become a 
widespreag technique. 

Un tha positive siae, however, siwulation is an interactive 
way Of learning wnica forcas one to operationalize variasles and 
to state precisely what we Know and what we do not know aoout a 
yi¥Ven sudjeact. Treat is, 1t is iwgessiole to dporcacn a 
simulation unless one has clarity of tioujht about one's topic. 
Even if simulations never predicted reality with any degree of 
precision they would still be highly useful because thay are a 
day of learning to think scientifically and they are a way of 
disciplining investigation. Thus, simulation is a aay of 
accustulating xnowleuge. 

kealistically, cowputer si:ulation in social science is apt 
to rewain the step-cnild it has always deen. Tne widesyread 
availability of microcomputers virtually assures at least a 
dodest increase in the utilization of sitiulation put there is not 
now on the horizon a strategy for realizing the potential anicn 
cCouputer simulation holds for the social sciences or even for the 
consoliuation of isany of tne clusters of simulations dgiscussed in 
this essay, their refinewent, and their dissenination in wore 


user-friendly and availasle foruiats. 
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